A combined assay of reverse transcription and the pollmerase chain reaction (RT-PCR) utilizing degeneraie primers derived lrom conserved regions in the genome of potyviruses was designù in order to amplily the 5' terminal part ol the coat protein cistron, which cnn differ gr."ily in length between distinct potyviruses Amplification on total RNA ertracted from ln. r*..t potirto clone from China yielded three fragments ofdifferent lengths, and sequence analysis oi these fragments indicated mixed infections bl three distinct potyviruses in the ,*.* poro,o clone investigated. Tlvo degenerate primers lvere also designed in order to ampliiy fhc 5' terminal part olthe coat protein cistron oleither potyviruses or bymoviruses e tni.a degenerate primer rvas selected lrom a region conserved in potyviruses and bymovirr-rseJ ancl useà with primers specific for trvo different bymoviruses, barley yellorv mosaic bymovirus (BaYMV) and barley mild mottle bymovirus (BaMMV) These primers allorved the identification of BaYlvIV and BalvllvIV barlel plants lrom the field with single or mixed infection. and were used to clarify the etiology ol a viral agent inducing mosric symptoms on several barley cultivars considered so far as resistant to BaYMV and BaNIN{V. Amplification ol fragments, including the variable 5' terminal region ol the coat plotein cistion, thus provides a convenient method lor the detection and characterizatjÔn of potyviruses and bymovinrses, without lastidious preliminary lvork of separation and purification ol the components ol viral complexes.
A combined assay of reverse transcription and the pollmerase chain reaction (RT-PCR) utilizing degeneraie primers derived lrom conserved regions in the genome of potyviruses was designù in order to amplily the 5' terminal part ol the coat protein cistron, which cnn differ gr."ily in length between distinct potyviruses Amplification on total RNA ertracted from ln. r*..t potirto clone from China yielded three fragments ofdifferent lengths, and sequence analysis oi these fragments indicated mixed infections bl three distinct potyviruses in the ,*.* poro,o clone investigated. Tlvo degenerate primers lvere also designed in order to ampliiy fhc 5' terminal part olthe coat protein cistron oleither potyviruses or bymoviruses e tni.a degenerate primer rvas selected lrom a region conserved in potyviruses and bymovirr-rseJ ancl useà with primers specific for trvo different bymoviruses, barley yellorv mosaic bymovirus (BaYMV) and barley mild mottle bymovirus (BaMMV) These primers allorved the identification of BaYlvIV and BalvllvIV barlel plants lrom the field with single or mixed infection. and were used to clarify the etiology ol a viral agent inducing mosric symptoms on several barley cultivars considered so far as resistant to BaYMV and BaNIN{V. Amplification ol fragments, including the variable 5' terminal region ol the coat plotein cistion, thus provides a convenient method lor the detection and characterizatjÔn of potyviruses and bymovinrses, without lastidious preliminary lvork of separation and purification ol the components ol viral complexes. lntroduction The polymerase chain reaction (PCR) has emerged as a powerlul method lor the identification of virus infections. The use of oligonucleotide primers corresponding to highly conseNed regions of the viral genome has enabled the detection ol plant viruses belonging to geminiviiuses (Rybicki & Hughes, 1990; Rojas et at., 1993) ,luteoviruses (Robertson et al.,l99l) and o"$: 'ËïJi#':i'.; l ii; ' 3 ? | *#ï.i :lli Ï',:i:l; .ïH:ffi l;'iix?. *,"',n degenerate primers lor the detection and the characterization ol potyviruses and bymoviruses as demonstrated by two examples concerning potyviruses inlecting sweet potato, and viruses responsible lor the yellow mosaic disease of barley. ihe potyvirus group, rvhich includes viruses responsible lor severe economic damage to various crops, is characterized by flexnous rod-shaped particles, 680 900 nm long and I I 15nm wide, made up ol about 2000 units of a single structural protein surrounding one molecule of single-stianded positive sense RNA of approximately 10000 nucleotides. The monopartite genomic RNA is expressed as one polyprotein which is processed by endogenous virus-coded proteases to give seven different proteins, schematically represeûted in Fig. 1 ' Thermal cycling scheme ïas: template denaturation at 94'c for 30s. primer anneirling at 40.C(cyclesl_5)or50"C(cycles6_37)iorlmin,andDNAsynthesisatT2.lor2min.Afinal l5min elongation step at l)lC *., perlormed at the end olthe 37 cycles For primers MYPI and Myp2, annealin'g lvas at 40"ô for l0 cycles and at 50"C for 32 cycles; a secondaryamplification rvas conâuctecl in some cases, lor30 cycles at a primer-annealing temperatrire ol 50.C, lron.r l % ol the f roduct purified from the firsi ampliflcation by agarose gel electrophoresis and eIAEX gel ex'traction]Qf'A.CPN). Amplification products were analysed by electrophoresis ol l0 pl from each ,.o.iiàn mixture in i t"t" agarose gel in. '' Peerenboom e1 at,, 1992 was compared rvith that of BaMMV (Kashirvazaki et ut., 1992) . and also rvith :'.::mgi**:';:ï:'#;11i.ï::î:::ïliffi :',:ïï'ii:î:i'$ifu ifi:"o the coat protein cistron ol both potyviruses and bymoviruses. The previously selected primer Pot4, rvhich also corresponds to a region conserved in potyviruses and bymoviruses, has been associated with a second primer u,hiJh is specific for either BaYMV (primer Y1) or BaMMV primer M l). ln orcler to facilitirte the subsequent cloning ol the PCR products. sequences contalnrng EcoRlorBamHlrestrictionsiteslvereaddedatthe5'endoftheprimers' (Fig.2) . Amplification on different sweet potato clones lrom China yieldà the SPFMV-CÈ t.lS tU lragment associated rvith one or two other fragments of 1.30 and 1.45 kb (Fig. 2,) , suggesting the presence ol one or two other potyviruses in thes. sweet potato clones (Colinet et (tl '' I994a) The 1.30-and 1.45-kb amplified lragments were cloned into the Bluescript plasmid and partially sequenced. Co.po.iron ol the àeduced partial amino-acid sequences derived lrom the amplified lragments rvithihose of the C-terminal region of the nuclear inclusion b protein and the N-terminal region of the coat protein ol SpFUV-CH and of several other potyvinrses lead us to conclude that the 1.30-, 1.3i-and 1.45-kb lragments were amplifred from distinct slveet potato potyviruses in mixed inlections (Colinet et al ' 1994a amplified lrom SplV-inlected N. bentltatttiunrt and then cloned for partial secluencing (results noishorvn). The high level olhornology observed in the 5'terminal part olthe coat protein cistron between SPLV and the 1.3O-kb prodttct amplilied from extracts olsome Chinese srveet potnto clones indicated that t1.rey rvere infectecl by a strain of sweet potato latent potyvilus (Colinet er al., i994tr) . The virus corresponding to the 1.4-5-kb amplilied lragment still awaits further characterization, but sequencing ol thi coat protein gene in<licates that this virus shor'rld be considered as bcing closely related to sweet potato feathery mottle pot,vvirus, thor-rgh distinct (colinet el a/ ' I 9S4b).
Characterizationofmosaicvilusisolatesfrominfectedbarleyplantsfromthefield
AnalysisolpublishedSequencesexistinglorBaYMVandBaMMVallo.,vsustoestimatethe expected ,ir. of t6. o.plifi.d frag-.nts obtained b1 PCR reactions conducted with the threê o ;:: :ï.1* .: ,ï.*",:" g;-n'+ :::" rruv ïïîi' ïîï: îË' i: :iïïh lÏi ii1 detection and differentiation of both virr.rses, even in the case of the mixed inlection rvhich senerallv occurs.
. Alter optimization of the nun.rber ol cycles and the hybridization temperatures lor the different sets of primers, lvith cDNA preparations from healthy and mechanically inoculated plants (isolate MF containing both BaYMV and BaN{lvlV), amplification reactions were conducted rvith the different barley origins clescribed in 'Materials and methods '' Fig.3shorvsthatinthepresenceofprimersMlandPot4, aDNAfragmentofnearlyS00bp isamplifiedliomsamplesMD(inocLrlatedwithBaYMVonly),MF,ArtonGemblouxand Arton Huccorgne. The size ol this lragment is compatible ivith that ol 805 bp' expected for BaMMV (Table 2) . We can thtts suppose that these different samples are inlected with BaMMV. By contrast, no DNA was amplified lor the samples olcv. Express lrom Huccorgne (as lor healthy barley). ^ -. ^^i:*^+^r -i-o . c WhenprimersYlandPot4wereused (Fig.3) Huccor-qne. The size ol this amplification product corresponds with that established on the basis ol the sequences published for German and Japanese strains ol BaYMV.
The hybridization temperature of primers MYPl-MYP2, being lower than that of primers.
Yl, M1 and Pot4, generates generally less efficient amplification reactions. Analysis olaliquots ol reaction products shows indeed the presence ol one or trvo lragments ol estimated size of 840 and 960 bp, according to the sample considered.
A secondary amplification reaction conducted rvith I to 5% of the products of the primary amplification, alter electrophoresis and purificrtion by QIAEX, allows an increase of the annealing temperature during the first thermic cycles, uith a correlative increase of amplification efficiency. Fig. 4 shows that, in this case, the different amplification products are clearly visible on the gel. Analysis ol sequences published for BaMMV and BaYMV indicates that the sizes ol the amplification products obtained with primers MYPl and MYP2 must be 842 and 960-962bp, respectively, lor these two viruses. These are compatible lvith those rve observed. We can thus conclude that samples of barley inoculated with MF, like those of cv. Arton collected at Gembloux and Huccorgne, are inlected by a mixture ol strains of both viruses (presence ol two bands corresponding to + 840 and 960 pb). On the contrary, only BaMMV (one band at + 840 bp) is lound for samples of plants inoculated with MD, and only BaYMV (one band at f 960 bp) is detected for symptomatic plants of cv. Express from the field ol Huccorgne. fc) I 995 OEPP/EPPO, B ut I e t in O E P P I E P P O B ull e t in 25' 289 -299 Détection de virus de plantes par PCR utilisant des amorces spécifiques pour des virus ou des groupes de virus (potyvirus. bymovirus) un protocole combinant la transcription inverse et la réaction de polvmérisation en chaîne, utilisant des amorces dégénérées dérii'êes de régions conservées dans le génome des potyvirus' a été défini de manière à permett.e I'amplification de la partie 5'terminale du cistron de la protéine enveloppe qui peut présenter des différences de taille importantes pour différents potyvirus. I-'amptincation rêalisée à partir d'extraits d'ARN totaux d'un clone de patate douce p.ou.nont de Chine a révélô la prêsênce de trois ftagments d'ARN de longueur différente et i'analys. des séquences de ces irois prodgits a montré que ce clone était inlecté par trois potyvirus distincts. Deux amorces dégénérées ont également été conçues en vue de permettre i'amplification de la partie 5'terminale du gène de la protéine enveloppe des potyvirus ainsi que des lymovirus. Enfin, une troisième amorce dégénérée, correspondant à une séquence conseiuée chez les potyvirus et les bymovirus, a été utilisée en combinaison avec des amorces soécifiques de l'un ou 1 A1l these results show that the use of the different selected sets of primers allorvs us to display all isolates of BayMV and BaMMV lrom transcripts ol total RNA preparations lrom inlected barley leaves. They also suggest that the viral agent infecting cv. Express at Huccorgne is an isoiate ol BaYMV.
Part of the 960-bp amplified fragment primers MYPI and MYP2 has nolv been from the 5' end of the coat protein gene, shares 98?ô homology rvith that published al.,1992).
These results confirm that the isolate capable ol overcoming the resistance of cv Express at Huccorgne is a B:rYMV isolate.
In conclusion, amplification ollragments includin*s the 5'terminal region of the coat protein cistron provides 4 convenient methoà lor the <ietection and characteriziltion of potyvirr'rses:rnd bl,moviir.rses, *ithout lastidior,rs preliminarl'*'ork of separation and ptirification ol tl-re components of viral comPlexes. 
